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CBI3BIKTYY AJITEBPAHBIH BIKMAJIAPBIH DATA SCIENCE-TA KOJIIOHYY
MNPUMEHEHUE METOIOB IUHEHHOM AJITEGEPHI B DATA SCIENCE
APPLICATION OF LINEAR ALGEBRA METHODS IN DATA SCIENCE

Kbickaua myne3aeme: Data Science OU3HEC-aHAMTUKAJAH WIMMUNA WU3UIIIO6Te YEHHUHKHU
TapMaKkTapAa XaHbl TYIIYHYKTOPAY XKaHa YCUNMMACPAN KaMChI3 KblIYY MCHCH U3UJIJIOOHYH HCTU3TU
0arbeITLI 60)’[}71'[ KaJ1abI. MaKaJ'IaL[a MaaJIbIMAT WJIMMHUHAC MaaJlbIMAaTTapJbl TAJIA00 YUYYH CBISBIKTYY
anreOpa bIKMAJapblHBIH POJYy ’KaHAa MaaHUCU TaikyynaHar. ChI3bIKTYy ajreOpa MaanbIMaTTap
WJIMMHUHAC HCTU3IU POJIAY OﬁHOfIT, MaajlbIMaTTapAabl TaJlg00, HMINTCTYY KaHa MOACIIA06 Y4YYH
KY4TYY Kypajljap MEHEH KaMChI3 KbUlaT. Makaiyiajia ChI3bIKTYY aJr€OpaHblH HEIM3IM bIKMajapblHA
JKaHa ajlapJbl MaajJibIMaT WIIMMHUH/C KOJIAOHYYTa cepeIl 6epI/IJ'IFeH. MaaHBIMaTTapI[LI
MaHUITYJISIUSTIO0 YUYH KOJIIOHYJTaH BEKTOPJIOP, MaTpullaiap, aHaH ajap OOIOHYA orepaiusiiap
CBIIKTYY HErM3Tu TYIIYHYKTOp KapanaT. bu3 Oyn TymyHyKTepay MaajabMaTTapAbl Tal00/10 KaHa
UIITETYYl® KaHTUN TabaapblH u3MiAeiOu3. ChI3BIKTYY perpeccusi MEeTOAJI0pPY, CHHIYISPABIK
YOHAYKTApAbI aXKbIpATYy KaHa Oarrka CBI3BIKTYY anre6para HETU3JACIINTCH METOAAOP KaMTbUIT'aH.
Ch13pIKTyy anreOpa bIKMalapblH KOJIJIOHYY MEHEH aTKapbulraH K33 Oup [10J000pjIopro >xkaHa
Mmacesenepre cepen Oepuier. BekTopnop jkaHa Marpuuanap OoroHYa omepalusuiapisl aTkapyy
yuyH Heru3ru Python kurenkananapsl 1a Gepuires.

Annoramua. Data Science craja KiIr04eBOH 00JaCTBIO MCCIEIOBAHHM, 00ecIeunBaroIieh
HOBBIE UJIEU U PELICHUs B PA3IMYHBIX cpepax, OT OM3HEC-AHATUTHKYU /10 HAYYHBIX UCCIIEJOBAHUM.
B crathe paccMaTpuBarOTCA POJIb U 3BHAYUMOCTb METOZAOB JIMHEHHOMN anre6pbl JJIs1 aHaJIn3a JaHHBIX
B Hayke o JaHHbIX. JIuHeliHas anreOpa urpaer kio4yeByro posib B Data Science, mpenocraBisis
MOH.IHI;II71 HHCTpYMeHTapI/Iﬁ JJIs1  a”Hajlan3a, O6pa60TKI/I U MOACIUPOBAHHA HNAHHBIX. Cratbs
npencTaBisieT 0030p OCHOBHBIX METOJOB JMHEHHON anreOpsl M ux nmpuMmeHneHue B Data Science.
PaCCManI/IBaIOTCSI Takue 0a30BbIE IMOHATHA, KaK BEKTOPBI, MATPULIbI U JAJICC OIICpAllUH HAJl HUMU,
HCIIOJIB3YEMBIC JIA MAaHHUIIYJIALIWW JaHHBIMH. I/IccnenyeM, KaK 3TH KOHLCIIIWUN HaAXO0IAT CBOE
INPUMCHCHUC B aHAJIN3C U 06pa60TKe JaHHBIX. PaCCManI/IBaIOTCSI MECTOABI JIMHEHHOM perpeccun,
pa3joKeHUe Ha CUHTYISpHBbIE 3HAUEHUS U JIpyrMe METO/bl, OCHOBaHHbIE HA JMHEWHOH anreOpe.
I[aH O630p HCKOTOPBIX MMPOCKTOB U 3a4a4, BBIIIOJIHCHHBIX C WCIIOJIB30BAHUEM MCTOIOB JIMHEWHOM
anreOpsl. Taroke mpejcTaBlieHbl OCHOBHbIe OMOIMOTeKH Python mis BhIMONHEHHs omepanuii Hax
BCKTOpAaMU U MaTpUllaMU.

Abstract: Data Science has become a key area of research, providing new insights and
solutions in areas ranging from business analytics to scientific research. The article discusses the
role and significance of linear algebra methods for data analysis in data science. Linear algebra
plays a key role in Data Science, providing powerful tools for analyzing, processing and modeling
data. The article provides an overview of the main methods of linear algebra and their application in
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Data Science. Basic concepts such as vectors, matrices, and then operations on them used for data
manipulation are considered. We explore how these concepts find their application in data analysis
and processing. Linear regression methods, singular value decomposition, and other linear algebra-
based methods are covered. An overview of some projects and problems carried out using linear
algebra methods is given. The main Python libraries for performing operations on vectors and
matrices are also presented.

Herusru ce3mep: MaaasIMaTTapiabl Talm00 jkaHa umTeryy; Data Science; NumPy, Google
Colab; )xacanMa UHTEIUIEKT.

KawueBble cioBa: ananus u obpaborka manusix; Data Science; NumPy; Google Colab;
WCKYCCTBEHHBIA WHTEIIJICKT.

Keywords: data analysis and processing; Data Science; NumPy; Google Colab; artificial
intelligence.

Data Science — nesiTebHOCTh, CBSI3aHHAS C aHAJIM30M JAHHBIX M MOMCKOM ONTHUMAJIbHBIX
pelieHnii Ha UX OCHOBE. B ocHOBe 00acTu €XUT HAJIEIIEHUE CMBICIIOM MAacCUBOB JaHHBIX, BU3ya-
nu3anus, cOop UaeH U NpUHITHE PELLIEHU Ha OCHOBE ITUX JaHHbIX.

C nmomo1Ip0 HayKH O JIaHHBIX CHEIUAIMCThl N3Y4alOT JaHHbIE B Pa3HbIX UX MPOSBIICHUSX,
HaXOJAT MHCAUTHI U 3aKOHOMEPHOCTHU, MOJIEIMPYIOT Hpoliecchl. [Ipy 3TOM HCIONB3YIOT aaropUTMbI
MalIMHHOTO OOYy4YeHMsI Al CO3JaHus MpelcKa3aTeNnbHbIX Mojeneil. OHM B CBOIO oOdYepensb
MIPUMEHSIFOTCS YK€ Ha HOBBIX JIaHHBIX.

Hayka o nannbix — obmmpHas cdepa, KoTopasi coueTaeT HECKOIbKO CMEKHBIX JAUCHUILIHMH.
OT0 nmporpaMMHpOBaHNE, MaTEMATHKa M CTaTUCTHKA, OM3HEC-aHATUTHKA U MallIMHHOE O0yUYeHUE.

MareMaTHuecKue 3HaHUS Ba)KHBI, YTOOBI YMEThb aHAJIM3UPOBATH PE3YJIbTAThl MPUMEHEHUS
AITOPUTMOB O0OpaOOTKM JaHHBIX. AJnredpa MaTpul] TOMOTaeT IOHATh, KaK OOJbIIas YacTb
JITOPUTMOB MAIIMHHOTO 00y4YeHHs ()yHKIIMOHUPYET B OTOKE JaHHBIX. Hioke mpuBeneHs Hanboiee
BaYKHBIE TEMBI JIJIS1 U3yUECHHUSL.

1. OcHOBHBIE CBOHCTBA MaTpUIbl M BEKTOPOB — CKAIIPHOE IPOU3BENIEHUE, JIMHEIHOE
npeoOpa3oBaHKe, TPAHCIIOHUPOBAHUE, CONPSDKEHHUE, PAHT, ONPEAETUTENb.

2. BHyTpeHHee M BHEIIHEE NpPOM3BEJICHHE, NPABUWIIO YMHOXXEHHS MAaTpUll M pa3IuyHble
aITOPUTMBI, 0OpaTHasi MaTPHIIA.

3. [IpocTpaHcTBEeHHBIE MaTpUIlBl — KBaJpaTHas, €IUHHYHAS, TPEYrojbHas, pa3peKeHHas,
IJIOTHAs, CHMMETPUYHAsL, DJPMHUTOBA, AHTUDPMUTOBA U YHUTApHAsI MaTPULIbl, €IMHUYHBII BEKTOP.

4. Tlonsatue wmatpuuHoro pasznoxenus/LU-pasnoxkenue, meron ['aycca/lI'aycca-Kopaana,
peIICHUE CHCTEM JIMHEHHBIX alreOpanvecKux ypaBHeHu Buma AX=h.

5. BekropHoe mpoctpaHCTBO, 0a3uc, 000JI04YKa, OPTOTOHAIBHOCTh, METOJ JIMHEHHBIX
HAaUMEHBIIINX KBaIPaTOB.

6. CoOcTBeHHOE 3HaUEHHE MATPHIIbI, COOCTBEHHBIM BEKTOp, AMArOHATU3AIMs, CHHTYJIIpHOE
pasznoxenue (SVD).

Jlunelinas anreOpa — 3TO pa3fen MaTeMaTHKH, KOTOPBIH Ype3BbIYAHO MOJIE3eH B HAyKe O
JaHHBIX W MamuHHOM o0yuennn. Ona B Data Science m Machine Learning sBasiercs
OCHOBOTOJIAraroueil 1 mpUMEHsieTCs JJIs PELIeHHs] BCEX OCHOBHBIX 3a/ad HAayKd O JaHHBIX:
MpeABapUTEIIbHOW 00pabOTKM W TIpeoOpa30BaHMs JAHHBIX, OIEHKH, CO3/aHHUsI M HACTPOUKH
Mojiefiell, TPEHUPOBKU HeHpoceTel M MpPUMEHEHUs aHaJIUTHUYECKUX cucTteM K umHpopmanuu. Bee
aJITOPUTMBI HEHPOHHOM CETH MCIONB3YIOT €€ METOJbI JJIS MPECTaBICHUsI U 00pabOTKH CETEBBIX
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CTpyKTyp W oOyuatomux onepamuii [3]. Kpome Toro, nuHeliHas anreOpa NPUMEHSETCS B
rpadu4ecKoM MPOrpaMMHPOBAHNH, MAIIIMHHOM 00y4YeHHH, 00pabOTKE CUTHAJIOB U N300PaKCHHA.

C momoupl0 MaTpuil ¥ BEKTOPOB MHOTHME MOENH IPEJICTABISAIOT B 001acTH 0OydeHHs
C yuuTeseM. DTO CBSI3aHO C TEM, YTO JaHHBIE OOYyYEHHs 4YaCTO MMEIOT BHJI MATPHUIIbI, TJ€ CTPOKU
MPEJCTABISAIOT OTJCNbHBIE 00pa3Ibl NaHHBIX, a CTOJIOIBI — MPU3HAKK WM XapPaKTEPHUCTUKU ITHX
o0pa3noB. Marpuunble GOpMbl OOJIErYarOT BhIpaKEHHE W MOHHMaHHE alrOpUTMOB OOy4YeHHMs, a
TaKXe MO3BOJIAIOT UCIOJIb30BaTh YPGEKTUBHBIE METObI onTUMM3alMU. [Ipyn 00ydyeHun ITMHEHHON
perpeccun [1] 3agaueil siBiseTCSl HaX0XKIEHUE BEKTOPa BECOB, KOTOPBIM YMHOXKAETCSl HA MaTpUILy
IIPU3HAKOB JJIS IPE/ICKA3aHUs 1IeJICBON NEPEMEHHOM.

YMHOKEHHE  MaTpull, pEIIEHUE CUCTEM YypaBHEHUH, BBIUMCICHHUE TIPAJUEHTOB
UCTOJIB3YIOTCS MPU 00YYEHUHU U IPUMEHEHUU MOJIeTIeH MAaIlIMHHOTO O0yUYCHHS.

MarpuyHoe MpencTaBlIeHUE JaHHBIX — MOIIHBIA WHCTPYMEHT, OCOOCHHO Npu pabore
C HECKOJIbKMMHU IIEPEMEHHBIMU WM Ipu3HakaMu. Onepanuu CI0KEHUs, BBIYUTAHUSA U YMHOXKEHUS
B MaTpHIie TO3BOJISIOT HAM CUCTEMAaTUYECKH CMEIINBATh, U3MEHATh U aHAJIU3UPOBATH JJTaHHbIE.

Hanpumep, yMHOXKeHUE MaTpUI NIPEICTaBIsAET BO3MOKHBIM KOMOMHUPOBATH MH(OPMAIIIO
U3 pa3HbIX MCTOYHUKOB B JaHHBIX. B MamumHHOM o0OyueHuu [4] OHO HcCHOJIB3yeTCs s
npeoOpa3oBaHusl MPU3HAKOB U BECOB MoOJeNU. TpaHCIOHMpOBaHHWE MAaTPUILbl MPUMEHSIOT HpU
MOJITOTOBKE JAaHHBIX Ui aHAIM3a, KOT/Ia MPU3HAKU IMPEJICTaBICHBl B CTPOKAaX, a HE B CTOJOLAX.
OOpatHble MaTpHIBI HCIOJIB3YIOT B METOJIE HAWUMEHBIINUX KBAJPaTOB JJIS OLEHKH IapaMeTpoB
Mozenu. MaTpuuHble oniepaluy IPUMEHSIOT IIPU KilacCU(UKALIUK, PETPECCUU U KIIaCTEPU3aLUH.

Jns  ompeneneHuss 3aBUCHMOCTH  MEXAY INpU3HAKaMU  MCIOJNB3YIOT MHUHOpPBI U
JeTepMUHAHThl. B 3agauax aHanm3a JaHHBIX MOXET BO3HUKHYTh HEOO0XOAUMOCTh BBIOPATh
Haunbosiee UHGOPMaTHBHbIE TPU3HAKU U3 MHOKECTBA JOCTYITHBIX.

B ananutuke u pa3zpaboTKe JaHHBIX BEKTOP MOHUMAIOT KaK yINOPsAI0YEHHBIH HaOOp yuces.
OtoT HabOp YMCeNT MOXKHO NMPEACTaBUTh KaK KOOPJIMHATHI, OMUCHIBAIONINE HEKOTOPYIO TOUKY WM
JBIKEHHUE, MO0 mpocto Kak Habop uHpopmaruu. Ilpumepamu ynopspodeHHONH HH(OpMaIu,
KOTOPYIO MOXKHO OIKCBHIBaThb BEKTOpPaMH, SIBIISIOTCS, HalmpuUMep, KOOPAMHATHI PaKkeThl B KOCMOCE,
OupxKeBble KOTUPOBKH, PACTIONOKEHHE MMUKCeNel B M300paKeHNUH U T.1I.

3ajaya MHUHUMH3aLUM CyMMbl KBaJpaTOB PACXOXKICHUN MeXIy HaOI0JaeMbIMU U
Mpe/ICKa3aHHbIMU 3HAYEHUSIMHU CBOJUTCA K HAaXOXJICHHIO TakKOro BEKTOpa X, KOTOPBIH
MHHUMHU3UPYET CYMMY KBaJIpaToB pa3sHocteil AX-D.

Ilycts 3amaHa mMaTpuna NpU3HAKOB X M BEKTOP OTBETOB Y. MoOIyib JIMHEMHOW perpeccuu
MOKET OBITh MpEJCTaBICH ypaBHeHUEM Y = X[ + &, rne [- BeKTOp KOI(PPHUIMEHTOB, € - BEKTOP
omuOOK. 3amgada CBOAMTCA K HAXOXJICHUIO ONTUMAIBHOTO BEKTOpa KOX(PQUIMEHTOB [3.
MUHMMH3ALUI0 CYMMBI KBaJpaTOB MOXKHO pELIMTh C  MCIOJIB30BAaHUEM  BBIUMCIICHUS
nceB000paTHOM MaTpuibl. Ee 3aaua 3akirodyaercs B MOMCKE TAKUX MapaMeTPOB MOJIEIH, KOTOpbIE
MUHUMHU3HUPYIOT CYMMY KBaJpaTOB pa3HOCTEH Mexay (akTHUeCKUMH U MpelcKa3aHHbIMU
3HAYEHUSIMHU.

[TpuBeneM HECKOJBKO MPUMEPOB, B KOTOPHIX MHCTPYMEHTHI JUHEHHON anreGpbl WUrparoT
BaKHYIO POJIb.

Jlis aHanM3a B3aMMOCBSI3UM MEXAY IMOJIB30BATENSIMH U TOBapaMU HEOOXOJMMO MOCTPOHTH
PEKOMEHIaTENbHYI0 CUCTEMY MHTEPHET-Mara3uHa, 4To MOMOTaeT B NPEACKAa3aHUM MPEIIOUYTECHUN
[I0JIb30BaTENIEH.
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O6pabotky wuzoOpakennit merogamu PCA uCIonb3yrOT IS CHIDKCHHSI Pa3MEPHOCTH
MPU3HAKOB; a CHHTYJSIPHOE PpAa3JIOKEHHE — JJIs BBIIEICHUS HanOosee BaKHBIX KOMIIOHEHTOB
M300paKeHMsL.

MeTtonpl nuHeNHHONW perpeccuu [1] Mcrosb30BaHbI Al OCTPOECHUS MOAENEH BPEMEHHBIX
psnoB. PerpeccuonHas MoJenb Mojie3Ha sl MPOCTHIX BPEMEHHBIX PSAAOB, WM KOTJIA €CTh SIBHBIC
JMHEHHOCTU MEXIYy NepeMeHHbIMH. B 0oiiee CIOXKHBIX ciydasXx MOryT norpeOoBaThCsi Ooiee
CJIO’)KHBbIe MeTOAbl. CHUHIYISPHOE pa3IOkKEHHE MOXKET IOMOYb B aHAIU3€ 3aBUCUMOCTEH Mexny
Pa3IUYHBIMU [1€PEMEHHBIMH.

B 06paboTke ecTecTBEHHOIO s3bIKa METOJIbl BEKTOPHOIO IpeacTasieHus cioB Word2Vec
UCTOJB3YIOT JIMHEHHYIO anre0py JUIst IPEeICTaBICHH CJI0B B MHOTOMEPHBIX IPOCTPAHCTBAX.

Metoapl K-means MoryT HCHOJB30BAaThCS B MPOCTPAHCTBE MPU3HAKOB, CO3JAHHOM
METOJIaMU CHM)KEHUS Pa3MEPHOCTH IIPH KJIACTEPU3ALUH IaHHBIX [3].

Takum 00pa3zoM, MOHMMaHUE JTUHEHHON anreOphl SBISETCS KIIOYEBBIM MEPBBIM IIaroM Ha
HyTH K TOMY, 4TOOBI CTaTh ONBITHBIM ciienuanucTom o Data Science.

Huxe npezacrasien 0630p Hamboliee mosie3HbIXx OuOmuorek Python, xoropkie mo3BOISIOT
BBINOJIHATE OIEpalMy JTHHEHHOM anrebpsl B oomactu Data Science. YV kaxmoit u3 stux 6ubInorex
€CTh CBOU IPEUMYLIECTBA — BaAKHO IIOHUMAaTh, KaKUe OIepalluy JIMHEHHOM anredpbsl HEOOXO0UMBI
IUIs. KOHKPETHOTO TPOEKTa U Kakasi Onbimoreka odbecreunT HyKHbIH 0ananc GyHKIIMOHAIBHOCTH U
MIPOU3BOIUTEIILHOCTH.

NumPy — yauBepcanbHbiii aketT B Python mist o6pabotku maccuBoB. OH MPEIOCTaBISIET
BBICOKOTIPOU3BOIUTEIbHBIE 0O BEKTHI MHOTOMEPHBIX MACCHBOB M HHCTPYMEHTHI ISl paOOTHI C HUMH.
[Ilupoxko wucHoib3yeTcss B HAYYHbIX M HH)XXEHEPHBIX IPWIOKEHUSIX Onaromaps cBoei
IIPOU3BOIUTENILHOCTY M yNoOCTBY Hcnoib3oBaHus. B NUMPY pa3mepsl HaspiBaroTCs OCsAMH, a
yucao oceil — paHroM. OH o0sieryaer MaTeMaTHYeCKHE OINEpalldyd HaJ MacCHUBaMH M HX
BEKTOPHU3AIIMIO, a 3TO 3HAYUTENIHO TMOBBIIIAET NMPOU3BOAUTENBHOCTh omnepanuid. JlaHHBIA Maker
NPEJOCTAaBIAET MHOXKECTBO (DYHKUUH [UId BBIOJHEHUs oOlepanuil JuHeHHOW anredpel. Bort
HECKOJIbKO OCHOBHBIX (DYHKIIMH, KOTOPBIE IPEJOCTABIISIOT B 3TOM KOHTEKCTE: C TIOMOIIBIO TaHHOTO
MaKkeTa MOYKHO BBITIOJIHATH OCHOBHBIE OIEPAllMi C MacCHBaMU: J00aBlIeHHE, YMHOXXEHHUE, Cpes3,
BBIpAaBHUBAHHE, W3MEHEHHE (OPMBI, HHIEKCHPOBAHHE MACCHUBOB;, DPACHIMPEHHBIC OIEPaluu C
MacCHBAaMH: CTEKOBBIE MAaCCHBBI, pa30MeHNe Ha CEKINH, ITUPOKOBENIIATeIbHbIE MACCUBEI; PadOTy C
DateTime wiam nuHeiHON anreOpoit. DyHKIUM Ui BeIYKCICHUS onpenenutens linalg.det(),
obpatHoi Mmatpuibl linalg.inv(), pemieHus cHCTeM JIMHEHHBIX aireOpanyecKux ypaBHEHUH
linalg.solve(), coOcTBeHHBIX 3HAuYeHWIT M COOCTBEHHBIX BEKTOpOB linalg.eig(), CHHTYJISPHBIX
pasnoxenuit linalg.svd() memator NUMPY MOIIHBIM HHCTPYMEHTOM [IJsi pabOThl C JIMHEHHOM
anredpoit B Python. OHu 4acTo MCTONB3YIOTCS B HAYYHBIX BBIYHACICHHUSX, CTATHCTUKE, MAIIMHHOM
oOy4eHHH W JpYyrux oOJacTsAx, rae TpeOyroTcs o0paboTKa MaHHBIX W BBITIOJHEHHE OIepaIrui
JUHEIHON anredpsl.

3. Pandas — sto maker Python ¢ OTKpBITBIM MCXOIHBIM KOJOM, KOTOPBIN MPEIOCTABIISIECT
BbICOK03()(pEeKTHUBHBIE, IPOCThIE B MCIOJb30BAHUU CTPYKTYpHI JAHHBIX M MHCTPYMEHTHI aHaU3a
JUIsl TOMEYEHHBIX JaHHBIX Ha A3bIKe MporpammupoBanus. OH pacimmpoBbIBaeTCs Kak OMOIMoTeKa
aHanm3a naaHHbIX Python. Pandas — »To wmpeanpHBII MHCTPYMEHT Uit 0OpaOOTKM NaHHBIX. OH
npegHa3HaueH s ObICTpOH M MpOCTOM OOpaOOTKM JaHHBIX, YTEHUS, arperupoBaHUs U
BU3YaJIN3aIIH.
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Pandas GOeper mannbie B ¢aitne CSV wiu TSV wnu 6a3y nanaeix SQL u co3maer 00beKT
Python ctpokamu u cronduamu, KOTOpbId Ha3biBaeTcs GpeiMoM JaHHBIX. PpeiiM TaHHBIX OYECHb
MOX0X Ha TaOJIMIly B CTATUCTHYECKOM IIPOrpaMMHOM obecrieueHmn, ckaxxem, B Excel mmu SPSS.

C ero TOMOIIBIO MOXKHO: BBINOJHATH  WMHICKCHPOBAHWE, MaHUIYJIMPOBAHUE,
MEPEUMEHOBAHUE, COPTHPOBKY, OOBeAMHEHHE (peliMa JTaHHBIX; OOHOBUTH, JHO0ABUTH, YIAIUTh
cToyIONBl U3 ¢peliMa JaHHBIX; BOCCTAHOBHTH HeAOCTaromue ¢ailiibl, 00paboTaTh HEIOCTAIOIINE
nannbie Wi NAN; MocTpouTh rUCTOrpaMMy WIJTH MIPSIMOYTOJIBHYIO AUarpammy [2].

Pandas oOecneunBaer OoraThlii HabOp METONOB g (UIbTpPAIUU, COPTHPOBKH,
TPYNIIUPOBKHA, OOBEAMHEHHS W MPeoOpa3oBaHMs JIaHHBIX. OTO JIENaeT ero HIcabHBIM
MHCTPYMEHTOM JIJIsl IOATOTOBKY JTAaHHBIX ISl aHATN3A.

3. SCIPy sBisieTcst OIHUM M3 KIIFOYEBBIX IMAKETOB, KOTOPBIC COCTABIISAIOT cTek SCIPY. Tenepn
€CTh pa3HUIla MEXIY CTEKOM U OmOmmoTtexoil. OH OocHOBBIBaeTCs Ha o0ObekTe MaccuBa NUMPY u
SIBJISICTCS YaCThIO CTEKa, KOTOPBIN BKJIIOYAET B ceOs Takue nHCTpyMeHThl, kak Matplotlib, Pandas u
SymPYy ¢ 1OTOTHUTEIEHBIMA HHCTPYMEHTAMHU.

bubnuoreka coaepxut Moaynu s 3pPEKTUBHBIX MaTEeMaTHYECKUX MPOIIEIYpP, TAKUX KaK
JMUHEWHas anreOpa, WHTEPHOJSIIMS, ONTHMHU3ALMUS, WHTErpanuss © cratucTuka. OCHOBHOU
¢dbyHkImonan 3toit oubnuorexu nocrpoeH Ha NUMPY u ero maccuBax.

SCiPy ucnosp3yeT MacCHBBI B KauecTBE 0a30BOM CTPYKTYpbI NaHHBIX. OH UMEET pa3InvHbIC
MOJIyJM JJIsl BBIMOJIHEHUS OOIIMX 337ad HAYYHOTO NPOTPAaMMHUPOBAHUS, TAKMX KaK JIMHEHHas
anreOpa, MHTErpalys, MaTaHAIN3, OOBIKHOBEHHbIC TH(QepeHIaIbHbIe YpaBHEHUS U 00paboTKa
CHTHAJIOB.

C mnoMompl JaHHOH OWOJIMOTEKM MOXKHO TMPOU3BOAHMTH MATEMAaTHUYECKUE, HaydHbIC,
WH)KCHEPHBIC BBIUMCIICHUS; TIPOLEAYPbl YHUCICHHOW WHTETpAllMd ¥ ONTHMHU3ALUHU; TIOUCK
MUHHUMYMOB ¥ MaKCUMYMOB ()YHKIIMIA, BBIYMCICHHE HWHTETPAIOB (DYHKIMH, TOIICPKKY
CHeHaNbHbIX (DYHKIUIL; perieHre 0ObIKHOBEHHBIX MU (epeHIIMaNbHbIX YpaBHEHUH.

[IpuBeneM HECKOIBKO MPHUMEPOB, B KOTOPHIX MHCTPYMEHTHI JTHUHEHHON anreOpbl UrparoT
BaXHYIO POJIb.

Jlns aHanm3a B3aMMOCBSI3M MEXIY IMOJIB30BATENSIMH U TOBapaMH HEOOXOJMMO TTOCTPOUTH
PEKOMEH/IATEIbHYI0 CHCTEMY MHTEpHET-Mara3uHa, 9YTo MOMOTaeT B MPEJCKa3aHUH TPEATIOYTCHUN
II0JIb30BATEIEH.

O6pabotky wuzoOpaxenuid meronamu PCA HCHONB3YIOT sl CHIDKEHUS Pa3MEpHOCTH
MPU3HAKOB; & CHUHTYJSIPHOE pa3JOKEHUE — JJs BBIACICHUS HamOosiee BaKHBIX KOMIIOHEHTOB
HU300paKeHUsl.

MeTo1p1 TMHEHHON perpeccuu UCTIONB3YIOTCS I MOCTPOCHHS MOJIeNiell BpEMEHHBIX PSIOB.
Perpeccnonnass Mozmenb Tmojie3Ha Ui TPOCTBIX BPEMEHHBIX PSIOB WM, KOTJa €CTh SIBHBIC
JTMHEWHOCTH MEXIYy TNepeMeHHBIMH. B 0ojiee CIOXKHBIX CIydasx MOTYT MOTpeOoBaThcsi Oolee
CIIO’)KHBIE MeTOoAbl. CHHTYISIPHOE pa3IOKEHHE MOMKET TOMOYh B aHAIU3€ 3aBUCUMOCTEH MEXIy
Pa3IMIHBIMH ITEPEMEHHBIMHU.

4. Matplotlib — 310 oHa M3 OCHOBHBIX M HMIMPOKO HMCIIOJB3YeMbIX OMOIHOTEK Python mms
0TOOpaXeHHsI TaHHBIX, TTOCTPOEHUs TpaUKOB U BCTpaWBaHUs rpaduKOB B MpHIOKeHUA. ba3zoBoe
MoCcTpoeHue TpaduKoOB IS MPEACTABICHHS NaHHBIX oueHb HamtoMuHaeT MATLAB.

C momoIbio 3ToM OMONIMOTEKM MOXKHO OTOOpaXkaTh IMMPOKHUN CHEKTp BU3yainu3auuii [6]:
JMHEWHBIC, TOYEYHBIC, KPYroBHIe, CTOJOIOBBIE AWArpaMMbl M THCTOTPAMMBI, THArpaMMbl C
o0JIacTsIMH;, KOHTYpHBIE TpadUKH; IOJIsI BEKTOPOB; CIIEKTPOTPAaMMBI, TaKKe MOXXHO CO3/1aBaTh
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UCTOPHH C BHU3YaJIM3MPOBAHHBIMU JAHHBIMH. OTa BO3MOXHOCTH JIEJa€T €ro HEOThEeMIIEMBIM
MHCTPYMEHTOM Il aHaJlM3a JaHHBIX, UCCIEIOBAaHMNA W IPE3CHTAIlMH pe3yabTaToB. bubimmoreka
uMeeT OOIIMPHYIO JOKYMEHTALMI0O M aKTUBHOE COOOINECTBO, YTO OOJIeryaeT H3ydeHHe |
UCIOJIb30BAaHUE €€ BO3MOXKHOCTEH JJIsi CO3/aHUSI KPAaCOYHBIX M MHPOPMATUBHBIX rpadukoB. OHa
MPEOCTABIISICT THOKME HACTPOUKH U IIUPOKUH CIIEKTP BO3MOXKHOCTEH I HOCTPOCHUS TPaUKOB.

5. TensorFlow - »to O6ubOIHOTEKa, KOTOpas IIOMOracT pa3pabOTYMKaM CO31aBaTh
KpYITHOMACIITaOHbIC HEHPOHHBIE CETH CO MHOTHMH CJIOSIMH, UCIIOJIb3Ys IPpa)uKH MMOTOKOB JIaHHBIX.
OH Tarke oOJierdaer TMOCTPOCHHUE MOJENeH TIIyOOKOro OOy4YeHHs, MPOJBUTAET COBPEMECHHYIO
texnosoruio ML / Al 1 o3BoJISET JIETKO pa3BEPTHIBATH MPHIOKEHHs Ha 6aze ML [5].

OnnuM 13 HamOosiee pa3BUTHIX BeO-CAWTOB cpean Bcex OMOImMoTek siBisieTcs TensorFlow.
Takue rurantel, kak Google, Coca-Cola, Twitter, Intel, DeepMin — Bce ucnone3yror TensorFlow!
On nocratouno 3¢(deKkTuBeH, Koraa Jeio JOXOIUT 10 Kiaccu(uKaluu, BOCIPUATHS, TOHUMAHUS,
OoOHapy>KEHHsI, IPOTHO3UPOBAHUSA M CO3AaHUs JaHHBIX. C €ro momMouipl0 MOKHO pacrio3HaBaHHE
rosioca / 3BykH. Vcmosb3yeTcsi B aBTOMOOMIIbHOM MPOMBIIIUIEHHOCTH; cdepe 6e3omacuoctr; UX/UI;
TEJICeKOMMYHUKALIUW; TpU aHanu3e HacTpoeHuil — B ocHOBHOM Ui CRM wmiu CX; TekcToBBIX
NPUIIOKEHUSX — 0OHapyxkeHue yrpos; Google Translate, Gmail Smart Reply; pacnoznaBanuu i —
Facebook’s Deep Face, Photo Tagging, Smart Unlock; BpemeHHBIX psimax — peKOMEHIALMH OT
Amazon, Google u Netflix; oOHapyxeHHH BHICO — OOHAPYKEHUH JIBH)KCHHS, OOHAPYKEHUU yrpo3
B peaJIbHOM BPEMEHH B UTPAX, B CUCTEMax 0€30MacHOCTH, B adpOIOPTax.

Ecnu roBopuTh 0 HayKe O JaHHBIX B LIEJIOM, TO aKTyaJbHOCTh ATOTO HANpaBJICHUS OyaeTr
TOJBKO pacTu. Kakaplii IeHb MBI CTaJIKUBaeMCs ¢ pabOTON CIIEIUATMCTOB B O0JIACTH 3TOH HAYKH.
Tak, wmapkeTiuielichl (QOPMHUPYIOT TJIABHYKO CTPAaHUIy B 3aBHCUMOCTH OT MPEIINOYTCHUIH
MOJIb30BATEJIS], YTO BBIUUCIISCTCS MO CJIOXKHBIM AITOPHUTMaM. PeKoMeHaluu My3bIKd, GHIBMOB U
poiuKoB oOpabaThiBalOTCsl HelpoceTssMu. Bce Oosiee BaKHOW CTAHOBUTCS —MPEIUKTHBHAS
aHAJIMTHUKA, KOTOpasi MPUMEHSETCs /sl MPOTHO3UPOBAHMS CIIPOCa, YAYUIIEHUS U aBTOMATU3aLUU
MPOAYKTOB CaMbIX Pa3HbIX KOMMaHUH. Tak 4yTO M BOCTPEOOBAHHOCTH CIELUAINUCTOB MO HAayKe O
JAHHBIX PACTET HE TO YTO C KAYKIBIM T'OJIOM, & €XKeTHEBHO.

B 3axnroueHue: HEBO3MOKHO MpEyBENYUTh 3HAUEHUE JMHEHON anredpsl B Data Science.
Jluneiinas anredpa, SBISSICH (YHIAMEHTAIBHBIM HHCTPYMEHTOM B HAayKe O JaHHBIX, HTPAET B HEH
BaXHYIO POJIb, IPEIOCTABIISISE MOIIHbIE WHCTPYMEHTHI Ui paOOTHI C JAaHHBIMH, HX 00pabOTKH U
aHajgu3a. DTO OCHOBAa MHOTHMX aJIFOPUTMOB U MeTOoI0B. OHa 1no3BosisieT 3¢ pekTuBHO 00padaThiBaTh,
aHAJIM3UPOBATh U OTOOPaXaTh JaHHbIE, CTPOUTH U OLIEHUBATh MOJIEINU, U3BJIEKaTh MH(OPMAIHIO U3
CJIO’)KHBIX HA0OpPOB JMaHHBIX U BU3yaIM3UpoBaTh. CIOXKHBIE YPaBHEHHUS TAK)KE€ MOXHO pellaTh C
MIOMOILBI0 METO/I0B JIMHEWHOW anreOpbl, yMEHBIIAaTh pa3Mepbl U MOJEIMPOBATH IEPEMEHHBIE
oTHOIEHUE. MOXHO HaXOIWUTh TEHACHIWH, JeNaTh TOYHBIE IMPOTHO3bI W YIy4IIaTh MOJIEIH
Omaromapst TOMy, YTO OHH DPacKpbhIBAIOT BO3MOXKHOCTH MATPUYHBIX OIEpamnuid, COOCTBEHHBIX
BEKTOPOB U BEKTOPHBIX MTPOCTPAHCTB.

[IpumeneHre MeToI0B JTHHEHHO# anreOpsl B Data Science obGecrieunBaeT uccienoBareneit
MOITHBIMH HMHCTPYMEHTaMM JJIsi M3BJICUCHHUS JAHHBIX, HAa OCHOBE KOTOPBIX HPUHUMAIOTCS
MH(GOPMHUPOBAHHBIEC PELICHMUS.
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